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N,4TIOliAL ADVISOXY COIWITTEE FOR AXRONAUTICS 

F L I G R T  "4suIIEMENTS OF TEE STABILLTY  CHARACTERISTICS 

SIDESLIPS AT 59' SWEEPR4CK 

By Jozs M. Childs 

Flight neasurements of the  s tabi l i ty   character is t ics  of %he B e l l  
X-5 research  airplane at 59' sweepback were =&e i n   s t e a w   s i d e s l i p s  at 
Mech nunbers Tram 0.62 t o  0.97 zt altitudes  rmgfng betweea 35,000 end 
40,000 fee t .  The resul ts  showed that the  anparext  directional  stabLlity 
was positive and increased at Mach numbers above 0.90. The apparent 
effective  dihedrel w a s  posFtive a113 bigh, increasing at Mach numbers 
above 0.75. The cross-wid  force  coeTficient  per  degree of s idesl ip  
w&s positive and increased  rapidly zt Mach nmbers above 0.94. - 

The Bell  X-5 airplane wzs procured by the U. S. Air Force f o r  
research,  in  the  transonic speed  range,  with  an airplane having  extreme 
mounts or" sweepback but  using  varizble sweep =le so that the lmding 
would not  be a problem. The acceptance t e s t s  of the  airplane were  con- 
ducted by the manufacturer ( B e l l  Aircreft Cow. ). Results from t'nese 
t e s t s  were reported  In  references 1 artd 2. One of the two airplanes 
was assigned t o  the NACA High-Sgeea Flight Research Seation a t  Edwards 
A i r  Force  Bese, Cal i f . ,   for   detai led measurements of  the aerodynamic 
characterist ics.  The IJACA t e s t s  to date have been  concerned with  chzr- 
ac te r i s t ics  with the wlngs swept back t o  59' wdch is  the extreme case 
for  the  atrplene. T h i s  paper  presents results of measuremnix or" the 
l a t e r a l  an6 directional s tabi l i ty  in  sFdeslips performed as  part  of the 
s t zb i l i t y  m-6 control program f o r  t he   a i e l ane .  
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SYMBOLS 

Mach  number 

sideslip  angle, deg 

rudder  deflection, deg 

total   ai leron  deflection, deg 

angle of  bank, deg 

apparent  directional. s t ab i l i t y  paremeter,  slope of  variation 
of  rudder deflection w i t h  sideslip angle 

apparent  effective  dfhedral sarameter, slope of variation of 
t o t a l  aileron  deflection w i t h  sideslip angle 

variation of angle of bank w i t h  sideslig angle 

airplane  noml-force  coefficient 

lateral-force  coefficient  per degree of sideslip 

pres  mre altitxde , ft 

The Bell X-5 airplane is a single-place  fi&ter-t3rpe  airplane 
powered by an  Allison J-35-A-17 turbojet  engine. It i s  diesigned f o r  
research i n  the transonic speed r w e  an& incorgor&.tes e. w i n g  having 
flsght-variable swee25ack between 20° and 59’. Figure 1 is E. photograph 
of the airplane a d  figure 2 2s a tkree-view  drcwing of the aiq&.ne 
w i t h  59’ sweepback. Table I contains the airplane  physical  character- 
i s t i c s .  Reference 1 gives a coxqlete  description of the airplane axd 
i ts  wing sweeg angle and longitudinal  translation  characteristics. The 
f r i c t l o n   i n  the control systems as memured on the ground under no load 
is shown in  f igure 3. 

. 
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NMA internal  bstruments,  syncbonized by 
the followi-ng quantities: 

a common timer, r e  co-rded 

Airspeed & altFtude 
Vertical,  longitudinsl, and transverse  accelerations 
Sensitcve  longitudind  acceleration 
Rolling angular velocity 
Pitching  angular  velocity and acceleration 
Yaving =gular velocity md acceleration 
Angle of s idesl ip  md -le of a t tack 
Aileron,  elevstor, mdder, and stabi l izer   posi t ions 
Wing  sweep eagle 
Elevator and aileror-  stick Tome 
Rudder pedal  force 

In reTerence 1. the airspeed system is  discussed and the Mach nu-ber 
calibration  accuracy as obtained from a radar-phototheodolite  calibra- 
t i on  i s  given as fo.01. 

TES?L'S, RESULTS, PJEl DiSC3JSSION 

The s t a t i c   l a t e r d   s t z b i l i t y   c h a r a c t e r i s t i c s  were meesured i n  
gradually- increasing and decreasing  sideslips st various speeiis with 
the  airplane  in tine clean  codigaration  with 59' sweeyioack. These side- 
s l i p s  were performed by deflecting the rudaer m d  using  aileron and 
elevctor   to   mintain  s t ra ight   f l ighk.  The Mach cumber range covered 
was from 0.62 t o  0.97 at altituiies rariging 'oetween 35,000 and 40,000 fee t .  

The resu l t s  of these tests ere preser ted  in   f igure 4 which shows 
aileron, rudder, and elevator  positions and forces  glotted as functioas 
of  t ie   s idesl ip   angle .  There ts  discont tmity  in   e levator   force a& 
p o s i t i o r   i n  figure k (a )  because the mmeuver w z s  done in  two  separEte 
&at= m-s. Angle of bank as calculated from the measured transverse 
acceleration is also shown. Most of the sce t t e r  of these dete. resu l t s  
from the  alzost  co=tinuous  oscillatory motions  of t h e   a i r p k e  d u r i v 4  
the  sideslip maneuvers. T'ne agparent  directional  stabil i ty i s  indicated 
by ver ia t ior  of rudder  position w i t h  sidesli-p  angle, whereas the  epparent 
efl'ective  dihedral i s  shown  by the slope of aileron  positioll as plotted 
agzinst  sideslip  angle. The variation of eleva-ior position and I'orce 
w i t h  sideslip  angle  indicates the pitching moment due t o  sideslip,  whereas 
the mgle of 'omk plotted  against   sideslip -le is  indicative oI" the 
cross-wind force  characterist ics.  
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The slopes &cp/dp, d'%,/dp, an6 ds9/dp obtained from figure 4 
are  presented as Functions of Mach  number is figure 5. The appzreot 
direct ional   s tabi l i ty   parmeter  dsr/dp IS positive m d  approxinateu 
constant at a value of 1.5 to a Yfch number of about 0.92  where it starts 
to  increase  reaching a value of 2.6 at M = 0.97.  The apparent  effective 
dihedral  paremeter dsq/&p is high throughout the Mach  num5er range 
an& constant at a value  of 6.7 t o  M = 0.75 where it star ts   to   increase 
t o  a value of about 13.5 at M = 0.97. These changes i n  d+/dj3 and 
6sq/&j3, of  course, result   both from changes in  control  effectiveness 
er-d from changes of effective dihedral and weathercock s tab i l i ty .  The 
apparent  effective  dihedral i s  so high that a t  lower Mach numbers or-ly 
about 5' of sideslip cazl be trimmed out  while at the highest  Wch numbers 
the evailable  aileron is  insuff ic ient   to  t r i m  more t'nan about 2.5' or" 
sideslip.  In  this condition  the  ailerons are easily  overpwered by the 
rudder. 

. 

There was l i t t l e  change in  elevator  gosit ion throughout the test 
r a g e  ina i ca t ing   l i t t l e  or no  change in   pi tching moment cue to   s ides l ip .  

The cross-wind force i s  stable, requiring  right bank for right  side- 
s l i p .  The paraneter dq/dp shows a gradual  increase with Mach  number 
t o  a value at M = 0.94 which is approxigately  double the n l u e  a t  
M = 0.62. A t  Mach nwbers  greater  than 0.94, dcp/dg increases  abruptly 
reaching a value  approximately f ive  times i t s  low-speed value at 24 = 0.97. 
The coefficient Cy as calculated by t he  re ls t ion -Cyp = C N ~  s i n  'p, is 
presented in   f igure 6 as a function of Mach number.  The variction of C N ~  - 
wit'n Mach nmber is  also shown i n  this figure. The value of Cy renains 
constant a t  about -0.0085 up t o  a Mach  number of 0.94 where it increases 
t o  a value or" approximately -0.0135 at a Mach  number of 0.97. The varia- 
t ion Cy w i t h  Mach nurrber does not  follow the dq/dp variat ion  in  
figure 5 because of the change of C N ~  with Mach number. 

B' 

P 

B 

CONCLUSIONS 

Flight measurements of t he   s t a t i c  lateral s tabi l i ty   character is t ics  
of t'ne B e l l  X-5 research  airplane at 5 9 O  sweepback i n  steady s i d e s l i p  
a t  Mach numbers of 0.62 t o  0.97 at a l t i tudes ranging between 35,000 and 
40,000 feet  give the following  conclusions: 

1. Throughout the Mach  number range the asparent  directional 
s t a b i l i t y  i s  positive. It is  constant from a Mach number of 0.62 t o  
0.90 and increases  to a value abou-k 60 percent  higher &s the Mach  number 
increases t o  0.97. 
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2. The appaxent effective dihedral is positive and high,  doubling 
w i n  velue between ~ c h  numbers of 0.p and 0.97. The dihedral i s  so higho 

st the  highest Mmh number that, the ailerons can only trim out about 2.5 . of s idesl ip  end can  be easi ly  overpowered by t i e  rudiier. 

3.  The cross-wind force coefficient  per  degree of s idesl ip  is stable 
and constant  to a Mach nmiber of 0.94, above which it increeses  rapidly 
t o  e &ch number of 0.97. 

4. There is l i t t l e  or  no change ix! pitching mment due to   s ides l ip .  

Lmgley  Aeronautical  Laboratory, 
NEtionel Advisory Comittee for Aeronautics, 

L-ey Field, Va. 
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2. Rogers, John T., and Dunn, Angel E.: PrelFminary Results of Horizontal 
T e i l - L o d  MeasyreQents of the Bel l  X-5 Research Airplane. NACA 
&&I L52Glk, 1952. 
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TABIX 1.- PHYSICAL  CHARACTERISTICS OF BELL X-5 AIRPLAJXE 

Airplane : 
Weight. l b  : 

Full fuel  . . . . . . . . . . . . . . . . . . .  
Less fue l  . . . . . . . . . . . . . . . . . . .  
Axial-flow turbojet engine . . . . . . . . . .  
Guaranteed rated  thrust at 7800 r p m  and s t a t i c  

sea-level  conditions. lb . . . . . . . . . .  
F u l l  fue l  . . . . . . . . . . . . . . . . . . .  
Less fuel . . . . . . . . . . . . . . . . . . .  

Over-all  height. f t  . . . . . . . . . . . . . . .  
Over-all  length. f t  . . . . . . . . . . . . . . .  

Power p l m t  : 

Center-of-gravity  position.  percent M.A.C.: 

. . . . . .  9950 . . . . . .  7850 

. . . .  J-35-A-1'7 

. . . . . .  4900 

. . . . . .  45.6 . . . . . .  46.2  . . . . . .  12.2 . . . . . .  33.6 

wing : 
Airfoil  section  (perpendicular t o  38.02-percent-chord l ine) : 

Pivot  point . . . . . . . . . . . . . . . . . . .  NACA 6b(1O)AOll 
Tip . . . . . . . . . . . . . . . . . . . . . .  NACA 54(08)A008.28 

Sweep angle at 0.23 chord. deg . . . . . . . . . . . .  
Area. sq f t  . . . . . . . . . . . . . . . . . . . . . .  
Span. f t  . . . . . . . . . . . . . . . . . . . . . . .  
Aspectratio . . . . . . . . . . . . . . . . . . . . .  
Taper r a t io  . . . . . . . . . . . . . . . . . . . . .  
Location  leading edge of mean aerodynamic chord. 

fuselage  station . . . . . . . . . . . . . . . . . .  
Incidence  root chord. deg . . . . . . . . . . . . . . .  
Dihedral. deg . . . . . . . . . . . . . . . . . . . . .  
Geometric t w i s t .  aeg . . . . . . . . . . . . . . . . .  
Wing f laps   ( sp l i t  ) : 

Span between equivalent tiss. f t  . . . . . . . . . . .  

Mem- aerodynamic chord. f t  . . . . . . . . . . . . . .  

Area. sq f t  . . . . . . . . . . . . . . . . . . . . .  
Span. pa ra l l e l   t o  hinge center  line. f t  . . . . . . .  
Chord. p a r a l l e l   t o  line of symmetry st 20° swee>back. 
Root . . . . . . . . . . . . . . . . . . . . . . .  
Tip . . . . . . . . . . . . . . . . . . . . . . .  

Travel. deg . . . . . . . . . . . . . . . . . . . . .  
Area. sq ft . . . . . . . . . . . . . . . . . . . . .  
Spm. parallel   to  leading edge. f t  . . . . . . . . .  
Chord. perpendicsllar t o  leading edge. i n  . . 

Root . . . . . . . . . . . . . . . . . . . . . . .  
Tip . . . . . . . . . . . . . . . . . . . . . . .  

Slats  (leading edge divided) : 

. . . . .  59 . . .  1a.3 . . . .  20.0 . . . .  19.2 . . . .  2.16 . . .  0.4095 . . .  10.05 

. . .  100.2 . . . . .  0 . . . . .  0 . . . . .  0 

. 15.9 . . . .  5.53 
in . . . . . .  30.8 . . . .  19.2 . . . .  60 
. . . .  14.6 . . . .  10.3 

. . . .  11.1 . . . .  6.6 

. 

. 

. 
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TABLE I.- PHYSICAL CIIARA(=TEZISTICS OF BEI;L X-5 AIRFm . Conclcded 

Trsvel.  percent wing chord: 
F o r a r d  . . . . . . . . . . . . . . . . . . . . . . . . . . .  10 
Down . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 

Are ti. (each aileron behind  hinge l ine) .  sa_ flt . . . . . . . .  3.62 
Span pa ra l l e l   t o  hinge center line. ft . . . . . . . . . . .  5.15 
Travel. deg . . . . . . . . . . . . . . . . . . . . . . . . .  515 
Chord. percent wi-ag chord . . . . . . . . . .  . . . . . .  19.7 
Moment are2 rearward of hinge l i n e  (totail. in:3' . . . . . .  4380 

Aileron  (&-percent iaternd-sed  pressure  balance):  

Horizontal tail: 
Airfoil   section  (parallel  t o  fuselage  center  line) . . NACA 65A006 
Area. sa_ f t  . . . . . . . . . . . . . . . . . . . . . . . . . .  31.5 
span. f t  . . . . . . . . . . . . . . . . . . . . . . . . . . .  9.56 
Aspectrat io  . . . . . . . . . . . . . . . . . . . . . . . . .  2.9 
Sveep ELrlgle et 0.25 percent chord. deg . . . . . . . . . . . .  45 
Mea aerodynzsnic chord. i n  . . . . . . . . . . . . . . . . . .  42.8 
Position of 0.23 W.A.C., fuselage station . . . . . . . . . .  355.6 
Stabflizer  travel.  (power actuated). deg: 

Leading edge up . . . . . . . . . . . . . . . . . . . . . . .  4.5 
Leading edge dam . . . . . . . . . . . . . . . . . . . . . .  7.5 

Area rearwerd of hipse  line. sq f t  . . . . . . . . . . . . .  6.9 

Up . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25 
mm- . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20 

Chord. percent  horizontal t a i l  cborci . . . . . . . . . . . . .  30 
Moment area rearward of hinge l lne   ( to ta l ) .  in.3 . . . . . .  4200 

. Elevator (20 .&percent overhmg balssce. 31.5 percent span) : 

I Travel from stabi l izer .  deg: 

Ver t i ca l   t a i l  : 
Airfoil section  (parellel  t o  rearward fuselage 

center   l ine)  . . . . . . . . . . . . . . . . . . . .  NACA 65A005 
Area. sq f t  . . . . . . . . . . . . . . . . . . . . . . . . . .  29.5 
S p a .  gerpendicaar t o  rearward fuselage  center line. f t  . . .  6.25 
Asgectrat io  . . . . . . . . . . . . . . . . . . . . . . . . .  1.32 
Sweep e n a e  of leading edge. deg . . . . . . . . . . . . . . .  43 
Fin: 

Area. f t  . . . . . . . . . . . . . . . . . . . . . . . . .  24.8 
Rudder (23.1-percent overhaag balmce. 26.3 percent  span) : 

Area reerward of hinge  line. sq f t  . . . . . . . . . . . . .  4.7 

Travel. deg . . . . . . . . . . . . . . . . . . . . . . . .  f35 
Chord. percent  horisontd tell chod  . . . . . . . . .  . 2  2.7 

span. f t  . . . . . . . . . . . . . . . . . . . . . . . . . .  4.43 .. " -.A" A 

Moxent mea rearward of hinge line.  in:3' . . . . . . . . . .  3585 
<., N A C ~  

-L..%. .. - 
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Figure 2.- T h r e e - ~ e w  drawing of Bell X-5 reseerch eirplme  it 59 0 sweepback. 
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